Every year governments spend their national budget on public health in order to reduce financial burden of individuals on health. Although it has been widely believed that the increase of public expenditure on health decreases private health expenditure, it has not been proved by analysis with real data. For better understanding, we conducted an empirical study on the real data of 17 OECD countries-Australia, Austria, Canada, Denmark, Finland, Germany, Iceland, Ireland, Japan, Korea, New Zealand, Norway, Portugal, Spain, Sweden, the United Kingdom, and the United States. The panel Granger-causality test is used to verify the cause-and-effect relationship between the two expenditures. As a result, public expenditure on health has a 3 to 4 year-lagged negative effect on private health expenditure in the cases of the 16 countries except for the United States.
INTRODUCTION
When policy makers build a healthcare budget policy, they have to consider their fiscal constraint and balance between public and private expenditure. For that reason, it is important to better understand the relationship between them. Even though it is widely believed that the increase of public expenditure on health decreases private one, it has never been proved by analysis with real data yet and still remains controversial. Tuohy et al. (2004) carried out a study to verify the impact of private finance on public healthcare system. However, the hypothesis is supposed in the opposite direction to ours, "Governments distribute public expenditure on health expecting that it should help nationals keep health and ease the burden of health expenditures." In fact, there are several empirical studies about the relationship between healthcare expenditure and health status of individuals although no a consensus has been made; some studies have shown significant impact of healthcare spending on health of the nation (Akinkugbe and Afeikhena, 2006; Anyanwu and Erhijakporm, 2007) while others did not find any significant relationship between them (Musgrove, 1996; Burnside and Dollar, 1998) . When it comes to the effect of public health expenditure on the private health expenditure, no outstan-ding studies have been found yet.
Therefore, in the present study, we focus on figuring out if public expenditures on health help to decrease private ones or not across nations by panel data analysis using the empirical data of 17 OECD countries. To be more specific, we apply panel Granger-causality tests under the assumption that there should be time lags causing preceding effects. In the area of healthcare, several researchers have been interested in macroeconomic growth studies with a focus on health (Hartwig, 2010 ) using Granger-causality tests.
The paper is organized as follow. The next section introduces the data and methodologies we used. Section 3 shows the results of empirical analysis, and Section 4 concludes.
DATA AND METHODOLOGY

Data
To verify the causal relationship between public and private expenditures on health, yearly per-capita heal-thcare expenditure by general governments and individuals of the 17 countries-Australia, Austria, Canada, Denmark, Finland, Germany, Iceland, Ireland, Japan, Korea, New Zealand, Norway, Portugal, Spain, Sweden, the United Kingdom, and the United States-from 1980 to 2010 were collected from the OECD's Health database (in the version of June 2013). Before the causality test, a 'de-inflation' process is necessary to eliminate the effect by inflation which is irrelevant to the causality of our interest. To do so, we collected the inflation rate of the corresponding period from the same data source and removed the upward trend of expenditure due to general inflation. Then we named the public and private expenditure on health of each country as PUB and PRIV respectively.
Methodology
Panel unit root test
Since the panel Granger-causality test requires the data to be stationary, the time series should be tested for the existence of unit roots. Levin-Lin-Chu test (Levin, Lin and Chu, 2002) u is assumed to be independently distributed across countries with a zero mean. The rest of information unexplained is expressed using the constant term 0 . α 3. RESULTS
Panel Unit Root Test
Before applying the panel Granger causality test, we conducted the panel unit root testing first. For all the following experiments, EViews (version 7) was used. Table 1 shows the result of Levin-Lin-Chu test on the PUB and PRIV of 17 OECD countries from 1980 to 2010.
As Table 1 shows, the null hypotheses are accepted for both PUB and PRIV so it can be said that the two time series are non-stationary. We take 1 st -order differencing for both, afterwards; the null hypotheses are rejected as shown in Table 2 . So, we use the 1 st -order differenced value for both PUB and PRIV for the following analysis procedures. 
Model Selection
The result of a panel Granger-causality test largely depends on the lag length m in the time-stationary VAR model given by Eq. (2). Therefore, it is important to appropriately specify the lag structure. We estimate the parameters in Eq. (2) using ordinary least squares based on the Schwarz Information Criterion (SIC) to choose the optimal lag length. Figure 1 shows SIC scores corresponding to different lag lengths. In general, an optimal lag length may be set shorter than 5 to build a stable model so that it seems reasonable to choose lag 1 of the smallest SIC in that region, however, we also consider lag 11 since PUB may have a long term effect on PRIV. Actually, the model with lag 11 has the lowest SIC score.
Panel Granger-Causality Test
First, we have a model with lag 1 as follows:
We estimated the parameters of Eq. (3) and the results are shown in Table 3 . As we can see, no explanatory variables have significant effects on PRIV. With lag 11, we have a model as follows:
The parameter estimation results of Eq. (4) are shown in Table 4 . PUB of lag 11 has a significant effect on PRIV at 0.10.
α =
Robustness Test
Since a panel data analysis is highly sensitive to outliers, tests are necessary to verify robustness of the models and to find out outliers. For all the 17 countries, leave-one-out re-estimations of Eq. (4) for lag 11, which has the minimum SIC score, were conducted by dropping each country in turn. As a result, it turns out that U n i t e d K i n g d o m G e r m a n y A u s t r i a J a p a n C a n a d a D e n m a r k N o r w a y S w e d e n F i n l a n d A u s t r a l i a I r e l a n d PRIV I c e l a n d S p a i n K o r e a P o r t u g a l N e w Z e a l a n d PUB Figure 2 . PUB and PRIV of the 17 OECD countries .
the model is indeed sensitive to some extent to the exclusion of several countries such as Ireland, Norway, Japan and the United States while the results of the other cases are similar to each other. When excluding each of the first three countries, relatively small difference turns out that DPUB (-11) has no significant effect. In contrast, the re-estimation result without the United States is far different from the other case as seen in Table 5 . For comparison, the case without Austria which is one of the countries yielding no big differences from the others is shown together while the rest of results for 15 countries is in Appendix.
To be more specific, we compare the amount of PUB and PRIV of the 17 countries over 1980-2010. As Figure 2 shows, the United States has a distinctive pattern in terms of not only the absolute scale of health expenditure but also the ratio between PUB and PRIV. Those may make the United States be an outlier from the other countries though further qualitative analysis is required for better understanding.
So, we remove the United States and go through the previous procedures-unit root testing, model selection and parameter estimation -again. As same as before, we saw the existence of unit roots then took 1 st -order differencing. With the differenced data, we found that the optimal lag length is 11 again. As a result, we obtained the final estimation results for the coefficients as in Table 6 .
According to Table 6 , in the 16 OECD countries except for the United States, PUB has a significant negative effect on PRIV after 3-4 years and PRIV is autocorrelated itself with 4-year lag.
DISCUSSION
In this paper, we provide a comprehensive procedure of an empirical study with a panel time series data set to verify the effect of public health expenditure on the private one. By applying the panel Granger-causality test on the collected real data sets of 17 OECD countries, it turned out that public expenditure on health has a 3-4 year-lagged negative effect on private health expenditure in the cases of the 16 countries-Australia, Austria, Canada, Denmark, Finland, Germany, Iceland, Ireland, Japan, Korea, New Zealand, Norway, Portugal, Spain, Sweden and the United Kingdom-except for the United States. The United States shows their own particular pattern which is distinctive from the other OECD countries. Further qualitative analysis on that may be helpful for better understanding.
Besides the issue, what does the finding for the 16 countries mean? Corresponding to the hypothesis we have tested, it turned out that the public expenditure on health negatively Granger-causes private health expenditure. However, the effect is valid after a certain time period rather than in immediate response to the public expenditure. Based upon the results of our empirical analysis, we estimate the length of time needed for public expenditure to have an actual effect on the decrease of private expenditure as about 3-4 years.
For future works, we have several considerations. In terms of methodologies, more flexible and complex models can be used for more elaborate analysis. For instance, we can relax the constraint that the optimal lags of PRIV and PUB in explanatory variables have to be set the same. If a model that has different lags for each of them is available, it may better explain the data. Further, we may also build a variety of sophisticated models. When it comes to selecting variables, different scenarios can be assumed. For the follow-up studies, we have some ideas of adding macroeconomic factors and national indices related to health such as smoking rate and obesity rate. Using more variables implying different kinds of information, it is expected to explain diverse relationships between attributes related to national health. 
Appendix. Robustness test for cross-national stability of parameters
